Instruments
400 MHz Varian Unity Inova NMR spectrophotometer instrument was employed to collect 1 H NMR and 13 C NMR spectra in CD 3 OD solution. Chemical shifts (δ) were set in ppm relative to solvent residual peaks ( 1 H: δ 4.87, 3.31 for CD 3 OD, 13 C: δ 49.0 for CD 3 OD) as internal standards. High-resolution mass spectrometer data (HRMS) were measured with fast atom bombardment (FAB) ionization mass spectrometer, double focusing magnetic mass spectrometer or matrix assisted laser desorption/ionization time of flight mass spectrometer. Absorption and fluorescence spectra were collected by using Per-kin Elmer Lambda 35 UV/VIS spectrometer and Jobin Yvon Fluoromax-4 spectrofluorometer, respectively. Figure S1 . 1 H NMR spectrum of fluorescent cassette A in CD 3 OD solution.
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Optical Measurement:
All the absorbance and fluorescence spectra were obtained at room temperature with increment set to 1 nm. All solutions were prepared freshly for each measurement. Citrate-phosphate buffer was used for preparation from pH 5.0 to pH 7.8, while carbonate-bicarbonate buffer was made for pH 8.5 to pH 11.0. Probe at 5 μM concentration was prepared for all optical measurements. Fluorescence spectra were collected at the excitation wavelengths of 350 nm and 720 nm, respectively. Slit widths were set to 5 nm for all emission measurements. The quantum yields were calculated using the equation reported 1 and cyanine dye IR-780 iodide was used a standard with fluorescence quantum yield of 7.6% in methanol 2 .
Sample solutions and standard solutions were freshly made, with excitation wavelengths all set to 720 nm and slit widths all set to 5 nm.
Where the subscripts 'st' and 'x' stand for standard and sample, respectively, represents for Φ fluorescence quantum yield, "Int" is the integrated fluorescence intensity and  is the refractive index of the solvents used for quantum yield measurements.
Fluorescence quantum yield of cyanine dye (IR-780) in aqueous solution containing 30% ethanol
Fluorescence quantum yield of cyanine dye (IR-780) in aqueous solution containing 30% ethanol was calculated and found to be 6.8% by using a standard florescence quantum yield (7.6%) of cyanine dye (IR-780) in methanol at excitation of 720 nm.
Determination of pK a by fluorometric titration
The constant K a of cassette A was calculated in buffer solutions as a function of pH using the fluorescence spectra via fluorometric titration. The steady-state fluorescence intensity F expressed as a function of the proton concentration has been extended for the case of a n: 1 complex between H + and a fluorescent probe through the equation as below: 3 Figure S10 . Plot of fluorescence intensity of cassette A at 790 nm versus pH with three repeated measurements at excitation wavelength 350 nm.
Dynamic Light Scattering Measurement
In order to investigate nanoparticle sizes of cassette A in acidic and basic conditions, we did the dynamic light scattering measurement. Solutions were freshly prepared for the measurement. Citratephosphate buffer was used for pH 5.0 buffer, while carbonate-bicarbonate buffer was used to make pH at 11.0. 5 μM cassette A in buffer solution at pH 5.0 and pH 11.0 was prepared respectively. Dynamic light Figure S12 ) because basic pH at 11.0 made hydroxyl groups becoming negative charges through depronation, which resulted in charge repulse among cassette molecules. As a result, the cassette fluorescence was quenched at basic pH because partial energy was used to do molecular rotation. Since the nanoparticle size decreased at basic pH, absorption of cassette A also decreased because molecular number per nanoparticle also decreased. Figure S12 . Dynamic light scattering measurement result of 5 μM cassette A in aqueous solution containing 30% EtOH at pH 11.0.
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Cell culture and cytotoxicity Assay
HeLa cells were purchased from ATCC (Mannassas, VA) and were cultured in Dulbecco's Modified 
Fluorescence Live Cell Imaging
For confocal live cell imaging, HeLa cells were seeded into the 35 nm glass-bottom culture dishes (MatTek, MA) and allowed 1 day to reach 50 % confluence. After 24 hours of incubation, the cell culture medium was replaced by freshly prepared FBS-free medium with 5, 10, 15, and 20 μM of cassette A for 1 hour 37 ℃ under 5 % CO 2 followed by using PBS buffer to rinse three times. For the live cell fluorescence imaging at different pH, the HeLa cells were treated with 20 μM cassette A 37 ℃ under 5 % CO 2 for 1 hour.
The cells were rinsed with PBS buffer twice before they were treated with nigericin (5 μg/mL) in citric buffer with pH values at 5.0, 6.0, 7.0, 8.0, 9.0 for 30 min to equilibrate the intracellular and extracellular pH for 30 min. 6 The cells were rinsed with PBS buffer twice again before imaging. To explore the effect of oxidative stress on pH alteration, HeLa cells were treated with 10 μM of cassette A first for 1 hour followed by treated with redox active reagents (100 μM H 2 O 2 or 500 Μm N-ethylmaleimide (NEM)) for 30 min. 7 The cells were rinsed with PBS buffer twice before imaging. Live cell images were taken by a confocal fluorescence microscope (Olympus IX 81). The excitation wavelength of the donor is 405 nm and the images were collected at 425 -475 nm (blue channel) and 750 -800 nm (NIR channel). The excitation wavelength of the cyanine acceptor is 635 nm and the images were collected at 750 -800 nm (NIR channel).
Computational Details
In order to explain excitation patterns observed experimentally for cassette A, density functional theory (DFT) was employed as implemented in the Gaussian09 program. 8 
